###### Strengths and limitations of this study

-   This is a relatively large, contemporary cohort of poor-grade aneurysmal subarachnoid haemorrhage after surgical treatment.

-   Patients with World Federation of Neurosurgical Societies grade V and brain herniation more often undergo ultra-early surgery. Postoperative complications and outcomes in selected patients were similar between groups.

-   This study evaluated predictors of poor outcome based on contemporary multicentre cohorts.

-   The timing of surgery is not randomised, and a retrospective analysis has selection bias.

Introduction {#s1}
============

Aneurysmal subarachnoid haemorrhage (aSAH) is a devastating condition with high morbidity and mortality. Aneurysm rebleeding and cerebral vasospasm are the most important causes of morbidity and mortality.[@R1] [@R2] Poor-grade aSAH has a higher risk of rebleeding and cerebral vasospasm than good-grade aSAH.[@R3] In the past decades, several studies have shown that early surgery potentially improves outcomes in selected patients with poor-grade aSAH.[@R6] However, this approach is still associated with a high mortality and morbidity.[@R6] [@R9] [@R12] [@R15] [@R16]

Recently, ultra-early treatment (within 24 h of ictus) has been reported to reduce the risk of rebleeding and improve outcomes in the majority of patients with good-grade aSAH.[@R17] Treatment for aneurysm as early as possible is also recommended to prevent rebleeding after initial aSAH.[@R20] [@R21] However, poor-grade patients often present with worse clinical condition and experience more severe brain swelling than good-grade patients.[@R22] [@R23] In the recent decades, endovascular treatment has provided an available alternative to surgery of poor-grade aSAH.[@R24] Current surgical indications may differ from previous studies. However, no study has evaluated factors associated with ultra-early and delayed surgery for poor-grade aSAH in the modern endovascular era.

In this study, we analysed data from contemporary multicentre cohorts of poor-grade aSAH, and we determined factors and outcomes associated with ultra-early surgery compared with delayed surgery.

Methods {#s2}
=======

This is a multicentre retrospective analysis. All patients were treated in high-volume teaching hospitals (more than 150 aSAH cases per year) with expertise in aneurysm clipping and coiling. This study was approved by the Chinese Ethics Committee of Registering Clinical Trials and the Institutional Review Board of Beijing Tiantan Hospital, Capital Medical University.

Patient population {#s2a}
------------------

Between October 2010 and March 2012, 109 patients with poor-grade aSAH (World Federation of Neurosurgical Societies (WFNS) grades IV and V) after hospitalisation, who underwent surgical treatment, were included in A Multicenter prospective Poor-grade Aneurysmal Subarachnoid haemorrhage registry Study (AMPAS).[@R30] Between March 2012 and April 2014, 289 patients with aSAH undergoing surgery were included in the database of the China National Clinical Research Center for Neurological Diseases (NCRC-ND), and 35 (12%) consecutive poor-grade patients were identified. Patients were excluded in current databases if they die after resuscitation, or the family withdrew care in the emergency room. In this study, poor-grade patients were included if they were older than 18 years and less than 75 years, presented with WFNS grade IV or V, did not improve after resuscitation, and underwent surgical treatment. Patients were excluded if they experienced neurological deterioration (WFNS grades I--III to IV--V) after hospitalisation, if they underwent aneurysm coiling, if they underwent surgery more than 21 days after aSAH, and if their last follow-up was less than 6 months.

Clinical management {#s2b}
-------------------

Management protocol included aggressive resuscitation, intensive critical care, early CT angiography or cerebral angiography if possible, early surgery if possible and postoperative intensive care.[@R30] All patients with poor-grade aSAH were resuscitated in the emergency room. After resuscitation, they were assessed by a multidisciplinary team which consisted of vascular neurosurgeons, interventional neuroradiologists and anaesthetists. Treatment options were discussed with the patient's family or relatives. Surgical selection was based on aneurysm morphology, patient\'s neurological condition, and treatment-relative risk following multidisciplinary consultation. After surgery, patients were transferred to the intensive care unit, and they underwent standard management for vasospasm.

Data collection {#s2c}
---------------

Ultra-early surgery was defined as surgery within 24 h of ictus, and delayed surgery as surgery after 24 h. The time of ictus was defined as the time of loss of consciousness (poor-grade clinical condition). We reviewed the following data: age, sex, history of smoking, medical history, WFNS grade after resuscitation, brain herniation, Fisher grade, intracerebral haematoma (ICH), intraventricular haemorrhage (IVH), aneurysm location with size and number, and timing of surgery. Brain herniation was defined as a deterioration of consciousness accompanied by anisocoria or bilateral pupil dilation (excluding oculomotor nerve palsy caused by other diseases). Rebleeding was defined as neurological deterioration with increase in haemorrhage on CT scan.

Outcome measures {#s2d}
----------------

Functional outcome was assessed by the modified Rankin Scale (mRS). Outcome was dichotomised into good (mRS 0--3) and poor outcome (mRS 4--6). No patients were lost to follow-up. The mean time of follow-up was 12.5±3.4 months (range 6--28 months).

Statistical analysis {#s2e}
--------------------

An independent-sample t test was used for continuous variables, and a χ^2^ and Fisher\'s exact tests were used for categorical variables. Univariate analysis was performed to compare clinical variables between ultra-early and delayed surgery groups. Univariate logistic analysis was performed to determine predictor of poor outcome. Clinical variables with p value \<0.1 in univariate analyses were entered into multivariate logistic regression (LR) models. Using the backward LR method, multivariate models were performed to determine factors associated with ultra-early surgery and to identify predictors of poor outcome. Receiver operating characteristic area under the curve (AUC) analysis was used to test the prediction ability. Using the Enter method, the multivariate logistic model was used to assess the effect of ultra-early surgery on outcomes. The adjusted OR and 95% CI were calculated. Statistical analysis was performed using IBM SPSS V.22.0 (IBM SPSS, Armonk, New York, USA). A p value \<0.05 was considered statistically significant.

Results {#s3}
=======

Patient characteristics {#s3a}
-----------------------

Of the 144 patients with poor-grade aSAH who underwent surgery, 118 patients were included in the study, and 26 patients were excluded because of neurological deterioration after hospitalisation (from WFNS grades I--III to IV--V) in 23 patients, surgery performed more than 21 days of aSAH in one patient, and last follow-up was less than 6 months in two patients. Demographic and baseline characteristics between ultra-early and delayed surgery groups are shown in [table 1](#BMJOPEN2014007410TB1){ref-type="table"}. Forty-seven patients (40%) underwent ultra-early surgery, and 71 patients (60%) underwent delayed surgery. The mean age was 54.9±11.5 years (range 19--75 years). The mean size of aneurysm was 6.0±4.0 mm (range 1.0--20 mm).

###### 

Patient characteristics of ultra-early and delayed surgery groups

  Characteristics                       Ultra-early (\<24 h)   Delayed (\>24 h)   p Value
  ------------------------------------- ---------------------- ------------------ ---------
  N (male/female)                       47 (21/26)             71 (29/42)         0.680
  Age (mean years±SD)                   53.9 (±12.5)           55.5 (±10.8)       0.241
  Current smoking, n (%)                9 (19)                 22 (31)            0.153
  Medical history                                                                 
   Hypertension, n (%)                  24 (51)                44 (62)            0.240
   Diabetes mellitus, n (%)             6 (13)                 9 (13)             0.989
  Postresuscitation WFNS grade, n (%)                                             \<0.001
   IV                                   19 (40)                52 (73)            
   V                                    28 (60)                19 (27)            
  Fisher grade, n (%)                                                             0.479
   I--II                                4 (9)                  9 (13)             
   III--IV                              43 (91)                62 (89)            
  Brain herniation, n (%)               23 (49)                11 (16)            \<0.001
  ICH, n (%)                            30 (64)                28 (40)            0.010
  IVH, n (%)                            16 (34)                38 (54)            0.038
  Multianeurysms, n (%)                 5 (11)                 15 (21)            0.137
  Aneurysm location, n (%)                                                        0.344
   MCA                                  24 (51)                27 (38)            
   ACoA, ACA                            11 (23)                24 (34)            
   ICA, PCoA                            12 (26)                16 (23)            
   Posterior circulation                0                      3 (4)              
   Anterior circulation\*               0                      1 (1)              
  Aneurysm size(mean mm±SD)             6.0 (±3.9)             6.3 (±3.6)         0.706
  Rebleeding before surgery, n (%)      1 (2)                  2 (3)              0.966
  Improvement before surgery            2 (4)                  6 (9)              0.474
  In-hospital mortality                 7 (15)                 12 (14)            0.771
  Overall mortality                     15 (32)                22 (31)            0.915

\*Data on location of anterior circulation aneurysm was missing in one patient.

ACA, anterior cerebral artery; ACoA, anterior communicating artery; ICA, internal carotid artery; ICH, intracerebral haematoma; IVH, intraventricular haemorrhage; MCA, middle cerebral artery; PCoA, posterior communicating artery; WFNS, World Federation of Neurosurgical Societies.

Factors associated with ultra-early surgery {#s3b}
-------------------------------------------

Patient age, sex, smoking, medical history, aneurysm location and size did not differ between the two groups. Ultra-early surgery was more often performed in patients with WFNS grade V (p\<0.001), brain herniation (p\<0.001), ICH (p=0.010), without IVH (p=0.038; [table 1](#BMJOPEN2014007410TB1){ref-type="table"}). After adjustment for WFNS grade, brain herniation, ICH and IVH, multivariate analysis showed that WFNS grade V (p=0.011) and brain herniation (p=0.004) were independent factors for ultra-early surgery compared with delayed surgery ([table 2](#BMJOPEN2014007410TB2){ref-type="table"}).

###### 

Factors associated with ultra-early surgery compared with delayed surgery

  Predictors         Univariate unadjusted   Multivariate adjusted\*                      
  ------------------ ----------------------- ------------------------- ------------------ -------
  WFNS grade V       2.7 (1.3 to 5.8)        0.010                     3.0 (1.3 to 7.0)   0.011
  Brain herniation   5.2 (2.2 to 12.3)       \<0.001                   3.8 (1.5 to 9.6)   0.004

\*Adjusted for WFNS grade, brain herniation, intracerebral haematoma and intraventricular haemorrhage.

WFNS, World Federation of Neurosurgical Societies.

Postoperative complications {#s3c}
---------------------------

Major complications during hospitalisation are presented in [table 3](#BMJOPEN2014007410TB3){ref-type="table"}. Medical complications, including aneurysm rebleeding, symptomatic vasospasm, cerebral infarction, hydrocephalus and meningitis, and pneumonia, did not differ between the two groups.

###### 

Postoperative complications between ultra-early and delayed groups

  Complications           Ultra-early (\<24 h)   Delayed (\>24 h)   p Value
  ----------------------- ---------------------- ------------------ ---------
  Aneurysm rebleeding     2 (4)                  2 (3)              1.000
  Symptomatic vasospasm   2 (4)                  8 (11)             0.312
  Cerebral infarction     9 (19)                 13 (18)            0.909
  Hydrocephalus           4 (9)                  7 (10)             1.000
  Meningitis              3 (6)                  5 (7)              1.000
  Pneumonia               22 (47)                28 (39)            0.428

Outcomes {#s3d}
--------

At a mean 12.5 months of follow-up, 58 (49%) of 118 patients had a good outcome, and overall mortality was observed in 37 (31%). Outcomes in the different timing groups are shown separately in [table 4](#BMJOPEN2014007410TB4){ref-type="table"}. Of seven patients for the 13--21 days group, four (57%) died. Sixteen (34%) patients in the ultra-early surgery group and 42 (59%) patients in the delayed group had good outcomes. After adjustment for WFNS grade, brain herniation, ICH and IVH, multivariate analysis showed that the outcomes were similar in the two groups ([table 5](#BMJOPEN2014007410TB5){ref-type="table"}).

###### 

Outcomes in the different surgical timing groups

  Outcomes   Total     Ultra-early (\<24 h)   1--7 days   8--12 days   13--21 days
  ---------- --------- ---------------------- ----------- ------------ -------------
  mRS 0      20 (17)   5 (11)                 13 (25)     2 (17)       0
  mRS 1      20 (17)   6 (13)                 13 (25)     1 (8)        0
  mRS 2      9 (8)     2 (4)                  3 (6)       2 (17)       2 (29)
  mRS 3      9 (8)     3 (6)                  3 (6)       2 (17)       1 (14)
  mRS 4--5   23 (19)   16 (34)                4 (7)       3 (24)       0
  mRS 6      37 (31)   15 (32)                16 (31)     2 (17)       4 (57)

mRS, modified Rankin Scale.

###### 

Outcomes associated with ultra-early surgery compared with delayed surgery

  Outcomes             Univariate unadjusted   Multivariate adjusted\*                      
  -------------------- ----------------------- ------------------------- ------------------ -------
  Outcome (mRS 0--2)   0.4 (0.2 to 0.8)        0.014                     0.5 (0.2 to 1.3)   0.152
  Good (mRS 0--3)      0.4 (0.2 to 0.8)        0.008                     0.5 (0.2 to 1.3)   0.110
  Mortality (mRS 6)    1.0 (0.5 to 2.3)        0.915                     0.7 (0.3 to 1.8)   0.435

\*Adjusted for WFNS grade, brain herniation, intracerebral haematoma and intraventricular haemorrhage.

mRS, modified Rankin Scale; WFNS, World Federation of Neurosurgical Societies.

Predictor of poor outcome {#s3e}
-------------------------

Univariate logistic analysis showed that postresuscitation WFNS grade, Fisher grade, brain herniation, IVH, ultra-early surgery and pneumonia were associated with poor outcome ([table 6](#BMJOPEN2014007410TB6){ref-type="table"}). Multivariate logistic analysis showed that advanced age (p=0.010), postresuscitation WFNS grade V (p=0.012), brain herniation (p=0.038), IVH (p=0.017) and non-middle cerebral artery (MCA) aneurysms (p=0.028) were independent predictors of poor outcome ([table 7](#BMJOPEN2014007410TB7){ref-type="table"}). The multivariate model predicted poor outcome with an AUC of 0.80 (95% CI 0.72 to 0.88, p\<0.001; [figure 1](#BMJOPEN2014007410F1){ref-type="fig"}). The timing of surgery was not an independent predictor of poor outcome.

###### 

Univariate logistic analysis for predictor of poor outcomes

  Characteristics                    Good (mRS 0--3)   Poor (mRS 4--6)   OR (95% CI)         p Value
  ---------------------------------- ----------------- ----------------- ------------------- ---------
  N (male/female)                    58 (26/32)        60 (24/36)        0.8 (0.4 to 1.7)    0.596
  Age (mean years±SD)                52.9 (±11.1)      56.8 (±11.6)      1.0 (0.9 to 1.1     0.063
  Current smoking, n (%)             18 (31)           13 (22)           0.6 (0.3 to 1.4)    0.248
  Hypertension, n (%)                29 (50)           39 (65)           1.8 (0.9 to 3.8)    0.099
  Diabetes mellitus, n (%)           7 (12)            8 (13)            1.1 (0.4 to 3.3)    0.894
  WFNS grade V, n (%)                13 (22)           34 (57)           4.5 (2.0 to 10.1)   \<0.001
  Fisher grades III--IV              48 (83)           57 (95)           4.0 (1.0 to 15.2)   0.034
  Brain herniation, n (%)            9 (16)            25 (42)           3.9 (1.6 to 9.3)    0.002
  ICH, n (%)                         26 (45)           32 (53)           1.4 (0.7 to 2.9)    0.356
  IVH, n (%)                         21 (36)           33 (55)           2.2 (1.0 to 4.5)    0.025
  MCA aneurysm, n (%)                30 (52)           21 (35)           0.5 (0.2 to 1.0)    0.056
  Aneurysm size (mean mm±SD)         6.0 (±3.1)        6.2 (±4.1)        1.0 (0.9 to 1.1)    0.775
  Rebleeding before surgery, n (%)   1 (2)             2 (3)             2.1 (0.2 to 24.0)   0.579
  Improvement before surgery         5 (9)             3 (5)             0.6 (0.1 to 2.4)    0.439
  Ultra-early surgery                16 (28)           31 (52)           2.8 (1.3 to 6.0)    0.008
  Postoperative complications                                                                
   Aneurysm rebleeding               0                 4 (7)             --                  0.99
   Symptomatic vasospasm             4 (7)             6 (10)            1.5 (0.4 to 5.6)    0.547
   Cerebral infarction               7 (12)            15 (25)           2.4 (0.9 to 6.5)    0.077
   Hydrocephalus                     4 (7)             7 (12)            1.8 (0.5 to 6.4)    0.378
   Meningitis                        2 (3)             6 (10)            3.1 (0.6 to 16.1)   0.176
   Pneumonia                         18 (31)           32 (53)           2.5 (1.2 to 5.4)    0.015

ICH, intracerebral haematoma; IVH, intraventricular haemorrhage; MCA, middle cerebral artery; WFNS, World Federation of Neurosurgical Societies.

###### 

Multivariate logistic analysis of predictors of poor outcome

  Predictors                   OR (95% CI)         p Value
  ---------------------------- ------------------- ---------
  Age                          1.1 (1.0 to 1.1)    0.010
  Resuscitation WFNS grade V   3.4 (1.3 to 8.7)    0.012
  Brain herniation             3.3 (1.1 to 10.1)   0.038
  IVH                          3.1 (1.2 to 7.7)    0.017
  Non-MCA aneurysm             2.7 (1.1 to 6.9)    0.028

IVH, intraventricular haemorrhage; MCA, middle cerebral artery; WFNS, World Federation of Neurological Societies.

![Graph showing the receiver operating characteristic (ROC) curve of predictive value of poor outcome.](bmjopen2014007410f01){#BMJOPEN2014007410F1}

Discussion {#s4}
==========

In relatively large, multicentre and contemporary cohorts of poor-grade aSAH, 47 (40%) of 118 patients underwent ultra-early surgery. We determined factors and outcomes associated with ultra-early surgery. Patients with WFNS grade V and brain herniation more often underwent ultra-early surgery. However, postoperative complications and outcomes were similar between ultra-early and delayed surgery groups. Additionally, we found patents of younger age, postresuscitation WFNS grade V, absence of brain herniation, absence of IVH, and MCA aneurysms were more likely to have a good outcome. Ultra-early surgery was not associated with outcomes in poor grade aSAH.

In the current era where endovascular treatment is often preferred in poor-grade patients, ultra-early surgery was more often performed in patients with ICH, brain herniation and WFNS grade V. Patients with ICH are in severe clinical condition and undergo ultra-early, even emergency surgery. This finding is similar to the previous studies.[@R6] [@R12] [@R16] [@R31] [@R32] Brain herniation is commonly associated with intracranial mass effect caused by ICH. These patients often experience significant brainstem compression. Ultra-early surgery can reduce increased intracranial pressure and increase cerebral perfusion to improve outcomes especially in these patients. Nevertheless, our study showed that the outcomes were similar between the ultra-early and delayed surgery groups. Multivariate analysis also suggested that ultra-early surgery was not a significant predictor of poor outcome. Our results suggested that ultra-early surgery of selected patients with poor-grade aSAH in a tertiary referral centre is safe.

Timing of surgery for good-grade aSAH has shifted from delayed to early surgery over the past decades. The International Cooperative Study on the Timing of Aneurysm Surgery recruited 3521 patients with aSAH. They found no significant differences of good outcomes between early (0--3 days) and delayed (11--14 days) surgery groups.[@R1] Siddiq *et al*[@R33] reported that early surgery (within 48 h of admission) was associated with improved outcomes based on the Nationwide Inpatient Sample. Recently, Phillips *et al*[@R17] analysed an 11-year database of ruptured intracranial aneurysms. Their study showed that ultra-early treatment was associated with improved outcomes in the majority of good-grade aSAH. However, few studies evaluated outcomes in poor-grade aSAH after ultra-early treatment.[@R6] [@R18] [@R34] Laidlaw and Siu[@R6] [@R34] reported that 40% of patients were independent after 3 months, and that 45% died. Park *et al*[@R18] reported that ultra-early surgery did not significantly decrease the incidence of rebleeding of poor-grade aSAH. Ultra-early surgery was also not associated with outcomes.[@R13] [@R18] [@R19] Our finding is similar to the earlier studies. The possible reason is that the beneficial effect of ultra-early surgery may be impeded by early brain injury after severe aSAH. Nevertheless, our study also showed that complications were frequent in both groups. Major complications including symptomatic vasospasm, cerebral infarction and hydrocephalus did not differ. These observations may suggest that with modern neuroanaesthesia, improved neurocritical care and microsurgical techniques, ultra-early surgery is not associated with a higher complication rate than delayed surgery.

Outcomes in poor-grade aSAH have been reported in several studies.[@R26] [@R35] It is still controversial as to which grading (admission grade or postresuscitation grade) is associated with outcomes.[@R13] [@R24] [@R36] [@R38] We used WFNS grade as initial assessment of aSAH because WFNS grading scale has better interobserver and intraobserver reliability than the Hunt and Hess scale, and makes it more appropriate in different centres.[@R36] A large retrospective study showed that admission WFNS grade V was a predictor of discharge outcome.[@R36] Other studies reported admission poor grade was not associated with outcomes.[@R16] [@R35] [@R39] Patients with admission poor grade may probably improve to good grade after hospitalisation. Admission grading is often influenced by patient sedation during referral from outside the hospital. As expected, our study also showed 8 (7%) patients with poor-grade aSAH improved to good grade. We found that postresuscitation WFNS grade was an independent predictor of poor outcome. Our findings suggest that all patients with admission poor grade should be considered for aggressive resuscitations. Clinical condition after resuscitation needs to be evaluated by the multidisciplinary team. Additionally, our study showed that advanced age was associated with poor outcome. This finding is similar to early studies.[@R35] [@R40] IVH was significantly associated with poor outcome. IVH may probably cause irreversible periventricular brain damage.[@R41] Brain herniation at presentation is also associated with poor outcome. We also found that patients with MCA aneurysms were more likely to have a good outcome. This finding may suggest, although endovascular treatment is preferred in poor-grade patients, patients with MCA aneurysms may be considered for surgical treatment.

The primary limitation is that the timing of surgery is not randomised. Many factors, such as delayed referral, logistical factors at the treatment centre, and family decision-making, may affect the timing of surgery. There is a very wide range of timing of delayed surgery. However, multivariate logical models were performed to adjust for potential confounders between the two groups. Second, this is a selection bias in a multicentre retrospective study. Surgical decision was based on multidisciplinary team consultation. Exclusion of untreated patients and selected patients undergoing surgery might lead to a good outcome. Patients with IVH more often underwent delayed surgery, but current databases cannot identify the definitive reasons. However, these data reflected current surgical practice and outcomes of selected patients with poor-grade aSAH in a tertiary referral centre. Additionally, this study mainly focused on factors and outcomes associated with ultra-early surgical treatment. We did not compare outcomes between surgical and endovascular treatment. Further studies on the comparison of outcomes between two different treatment modalities are warranted to determine the effect of ultra-early treatment of poor-grade aSAH. Nevertheless, this knowledge may help to appraise the ultra-early surgery for poor-grade aSAH, and discuss potential outcomes with the family.

Conclusions {#s4a}
===========

Although patients with WFNS grade V and brain herniation more often undergo ultra-early surgery, postoperative complication and outcomes in selected patients were similar between the ultra-early and delayed surgery groups. Patients of younger age, WFNS grade IV, absence of intraventricular haemorrhage, absence of brain herniation, and MCA aneurysms are more likely to have a good outcome. Ultra-early surgery could improve outcomes in carefully selected patients with poor-grade aSAH.
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